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application in a different environment (transferability).  We aim to do this by providing rapid 
feedback to students of their understanding of key concepts and skills being presented.  The 
feedback system acts as the focal point and catalyst to encourage students to assist each other in 
correcting misconceptions or deepening each other’s understanding of the topic or skill at hand. 
Furthermore, the system allows the professor to assess the students’ level of comprehension (or 






After a predetermined period, the sections swap their feedback treatment.  Several swaps are 
achieved during the course, and in this manner each student acts as his or her own experimental 




Core engineering courses, such as Statics, are comprised of key concepts and skills that students 
need to master in order to succeed in follow­on courses. Students must comprehend these 
concepts at sufficient depth (as opposed to rote memorization of procedure) and transfer this 





effective learning.  It is also important for the professor.  This feedback is typically realized 






feeling that the subject is impersonal.  From the faculty members’ perspective, the difficulties lie 
in knowing what students are really learning, providing individualized feedback, addressing 
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weeks) format, with classes meeting for three 75­minute periods each week.  Students receive 




Mechanical Engineering students continue in the engineering mechanics sequence by taking 
Solid Mechanics (also known as Mechanics of Materials). 
In Fall 2003, we began this study with one of the authors teaching two sections of this course.  In 
that year, we collected some data to practice for what we might expect in the following year and 








sections.  Having a single professor also ensured that the two sections maintained the same pace 
through the course from day to day.  At the start of any class, the students in each section are 
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The professor presents a new topic or concept for no more than 10­15 minutes, using traditional 





answers, but a plurality with the correct answer), the professor directs the students to take time 
and explain the concept or skill to each other.  Thereafter, the students are asked to either 















potential confounding factors that cannot be controlled for using a standard analysis of variance 
model.  For example, students may not be randomly assigned to each of the two Statics sections 
(for example, one section may have mostly electrical engineering students, who have a different 
motivation level than the other section, which might be populated mainly with mechanical 
engineering students), or the time at which each section is held may affect student performance.  
Without the crossover a potential treatment effect would have been indistinguishable from a 
section effect. 
In a crossover design, one of two study groups (course sections in this case) will be randomly 
chosen to receive instruction with the PDA­enabled system (the ‘treatment’ group) while the 





minimizing any attitude bias that may be displayed by students of either section due to receiving 
a single method of feedback for the entire course if swapping did not occur.  The treatment 
periods generally lasted from two to five class meetings, as was determined to be logical based 
on the skills or concepts being covered during the period.   
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posed by the professor.  Each card can display one of six possible responses.  The cards provide 







VP, which is being developed by Option Technologies Interactive 
(www.optiontechnologies.com).  




















To analyze the treatment factor (PDA vs. flashcard) while controlling for the other ‘nuisance’ 
factors that could affect scores but are not attributable to the treatment, we employed the 
following general linear model using the DataDesk statistical package: 
y = β x + β x + β x α + γ α ) δ +τmijkl µ + 1 1,m β 2 x2,m + 3 3,m 4 4,m + i ( j (i) + k l + ε m ,  where 
y = a transformed score on the quiz, 
µ = the grand mean (average score with no factors taken in to account), 
x1 = the student’s Freshman­year GPA (0.00 to 4.00, which includes x2,  x3  and  x4.) 
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τ = the Treatment (PDA = ‘treatment’ and flashcard = ‘control’), 
ε = random error. 
The quiz scores were transformed because they were skewed (y = the ‘score’ squared).  The 













Because Freshman GPA is based on the grades for Calculus I, Calculus II and Physics I, it is not 
surprising that with these included in the model, and the latter two significant, Freshman GPA is 
not significant.  It was not surprising that Calculus II and Physics I were significant (p­values = 
.0275 and .0018, respectively), because each course contains skills and concepts important to 
Statics.  That Calculus I was not significant might be because the most important calculus 
techniques used in Statics come from Calculus II, though we cannot be certain of this reasoning.  
Although Class was not significant (p­value = .0752), which reinforced preliminary results from 
Fall 2003, that it was only marginally so justifies our having it in the model.  Student­in­class 
was significant (p­value = .0009), which should be expected, as scores should always depend on 
the individual student.  That Quiz was not significant may or may not be surprising.  The fact 
that the scores for different quizzes were essentially the same indicates that the quizzes 





does not matter how one provides rapid feedback, so long as it is provided.  Although we had 
thought that the ‘coolness’ of the PDA might affect a student’s learning, it really would only 
affect their interest during the physical activity in class of reporting their answers.  In the end 
their scores would be affected by outside work (such as studying!) and inherent interest or 
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motivation in the material, neither of which would be greatly influenced by the fact that a PDA 
was used in class. 
Although we had a large number of observations, the nature of the crossover design and the fact 











(one at a time), they were not significant, and only the Calculus II, Physics I and Student­in­class 
factors were significant at α = .05, which is the same result as described earlier.  When we added 
the pair of two­way interactions, Section­by­Period and Student­in­Section­by­Treatment, 
Calculus II, Physics I, Section, and Student­in­section factors were significant at α = .05.  That 
Section became significant (p = 0.0498) for the first time was intriguing but not considered 
important. 














software.  Finally, in comparing the results between the two surveys, it is obvious that as the 
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Mid­Course Survey 
Question Response Response Count Percentage 
Yes, I have one. Prior to this class, have you used a 3 8.8 
PDA? Yes, but it was someone else's. 10 29.4 
No. 21 61.8 
Rate your familiarity with PDAs No experience. 17 50.0 
Beginner. 10 29.4 
Somewhat familiar. 5 14.7 
Expert. 2 5.9 
Very helpful. How useful were the flashcards for 5 14.7 
your learning? Somewhat helpful. 15 44.1 
No difference. 9 26.5 
Somewhat hindered. 4 11.8 
Very hindered. 1 2.9 
Very helpful. How useful were the PDAs for your 11 32.4 
learning? Somewhat helpful. 14 41.2 
No difference. 5 14.7 
Somewhat hindered. 3 8.8 
Very hindered. 1 2.9 
Final Survey 
Question	 Response Response Count Percentage 
How helpful was rapid feedback	 Very helpful. 16 45.7 
(either method) to your learning?	 Somewhat helpful. 19 54.3 
No difference. 0 0.0 
Somewhat hindered. 0 0.0 
Very hindered. 0 0.0 
How helpful was using the	 Very helpful. 5 14.3 
FLASHCARDS to your learning?	 Somewhat helpful. 23 65.7 
No difference. 5 14.3 
Somewhat hindered. 2 5.7 
Very hindered. 0 0.0 
How helpful was using the PDAs to Very helpful.	 16 45.7 
your learning?	 Somewhat helpful. 17 48.6 
No difference. 1 2.9 
Somewhat hindered. 1 2.9 
Very hindered. 0 0.0 
Do you think you would have done 
better or worse if this course were 
taught by the same professor, but 
in a more traditional method of 
teaching? 
Much better. 
A little better. 
No difference. 







Table 1:  Results from the mid­course and final surveys administered to the Fall 2004 cohort. 
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Conclusions 
Based on our results from the second year of our study, we can conclude that student scores in a 
Statics course were significantly associated with their prior performance in Calculus II and 
Physics I (both from the second semester of the freshman year).  Most importantly, we found no 








significant preference for the PDAs over the flashcards.  Although our analysis found the use of 
PDAs versus flashcards did not affect the students’ learning (as measured by the quiz scores and 
exam questions), the PDAs were perceived by students as being more helpful.  Finally, 65% of 
the students believed that they would have performed worse in a course in which rapid feedback 
was not provided, while the remainder believed they would have performed at the same level.   
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